ABSTRACT
. Magnetite and Mg/Al-NO 3 hydrotalcite-magnetite synthesized by co-precipitation with modifications hydrothermal treatment at 120°C for 5 h. The adsorbents were characterized by Fourier Transform Infrared (FTIR) spectroscopy, X-ray diffraction (XRD), Scanning electron microscopy (SEM), Brunauer-Emmett-Teller (BET) and Vibrating sample magnetometer (VSM). Adsorption studies were done by getting the optimum pH, optimum contact time and the optimum concentration. A result of the adsorption study of [AuCl 4 ] -on both adsorbents was optimum at pH 3 and fitted well to Langmuir isotherm and pseudo second-order kinetic models. The adsorption capacity of UMHT (ultrasonic technique) was 66.67 mg g -1 and it was higher than that of MHT (mechanic technique
)
INTRODUCTION
The growing amount of electrical and electronic waste (e-waste) is creating negative impacts on the environment and also bringing serious problems with regard to the supply of raw materials, especially precious metals which are not only scarce but also very essential for these advanced devises [1] . In some cases, the precious metal contents of the wastes disposed of in this form are unexpectedly higher than that in the ore itself [2] . Economically, gold has been historically important as currency and remain important as an investment commodity. Considering its value and scarcity, it is important to treat the aqueous waste solution and try to recover gold economically. Nevertheless, the separation and recovery of gold is not actually simple, which is due to the low concentration of gold in environmental, geological and metallurgical materials and insufficient sensitivity [3] . Various technologies that have been employed for the recovery and enrich gold include co-precipitation [4] , ion exchange [5] [6] , solvent extraction [7] and adsorption [3, [8] [9] .
Hydrotalcite to total metal, ranging from 0.15 to 0.33 for pure HT formation [10] . HT has exhibited its promising application in the adsorption of [AuCl 4 ] -due to its high surface area and anion exchange property. Despite, it is still an issue that the separation of HT from water is difficult in the industrial applications, especially in the treatment of river, lake and other natural water.
On the other hand, magnetic separation is a very convenient approach for removing and recycling magnetic particles/composite [11] . For this aim, magnetic material like Fe 3 O 4 is prepared and widely used due to its unique magnetic response and large surface area [8, 12] . The magnetite (Fe 3 O 4 ) can be modified with inorganic compounds to obtain magnetic adsorbents. Accordingly, the combination of magnetic compound and HT has been developed recently to enhance separation and re-dispersion performance of HT in aqueous solution [13] [14] .
In this study, we prepare and characterize a magnetic Mg/Al-NO 3 HT-magnetite by mechanically and sonochemically assisted co-precipitation methods and investigate adsorption performance that adsorbent for [AuCl 4 ] -. The ultrasonic radiation assistance can shorten the preparation time and decreased the size of the composite particles and be favorable to increase the adsorption capacity. Desorption process also has been done using NaOH solution to investigate the possibility of Mg/Al-NO 3 hydrotalcite-magnetite to be regenerated. 3 •H 2 O (25%, w/w), NaOH, and HCl were purchased from Merck (Germany). Carbonate-free distilled water was used for a preparation of the solution and for rinsing the product.
EXPERIMENTAL SECTION

Materials
Instrumentation
Characterization of magnetite and Mg/Al-NO 3 HTmagnetite before and after adsorption was performed using a Shimadzu FTIR-820 IPC for the functional group identification and a Shimadzu XRD-6000 for the crystallinity. The magnetic properties of the assynthesized nanopowder were analyzed by Vibrating sample magnetometer (VSM) type OXFORD VSM 1.2H. The morphology of samples was viewed by Scanning electron microscopy (SEM) of a JSM-6360 instrument. Brunauer-Emmett-Teller (BET) surface area was determined by nitrogen adsorption/desorption using Gas Sorption Analyzer. solution at 50°C under ultrasonic irradiation, which was carried out in an ultrasound clean bath operating at 47 kHz with a power of 130 W (B 3210E-MT EMA-9408, USA) to increase pH until 11 for 1 h. After 1 h aging, the products were separated, washed with distilled water to neutral pH and then dried to obtain magnetite ultrasonic-assisted (UM). For synthesis under mechanical stirring (MM), the procedure was similar to the ultrasonic-assisted technique, but without the use of ultrasonic clean bath and the reaction was prolonged to 3 h.
Synthesized of Mg/Al-NO 3 hydrotalcite-magnetite
Mg/Al-NO 3 HT-magnetite were also synthesized by an ultrasonic-assisted and under mechanical stirring co-precipitation method. Procedure for the ultrasonicassisted technique, the Fe 3 O 4 powder (UM) (0.65 g) was redispersed in distilled water (50 mL). Mg(NO 3 ) 2 •6H 2 O (12.80 g, 0.05 mol) and Al(NO 3 ) 3 •9H 2 O (9.40 g, 0.025 mol) with the Mg 2+ /Al 3+ molar ratio of 2.0 was dissolved in distilled water (100 mL), and NaOH (6.60 g, 0.165 mol) was dissolved in distilled water (100 mL). The two solutions were added dropwise to the Fe 3 O 4 dispersion at 55°C for 1 h under atmospheric nitrogen under ultrasound irradiation. After 2 h for aging, the products was heated hydrothermally at 120°C for 5 h and then separated, washed with distilled water, and then dried to obtain Mg/Al-NO 3 -HT magnetite (UMHT). For synthesis under mechanical stirring technique (MHT), the procedure was similar to the above mentioned procedure except prolonging the aging time to 12 h and removing the ultrasonic irradiation.
Characterization of materials
The magnetite and Mg/Al-NO 3 HT-magnetite were first characterized for the functional groups using a Shimadzu FTIR-820 IPC in the transmission mode in spectroscopic grade KBr pellets for all the powders. XRD patterns of samples to study the crystalline structure were recorded using a Shimadzu XRD-6000 diffractometer with Ni-filtered Cu Kα radiation (λ = 0.15406 nm) at voltage 40 kV and current 30 mA. The sample was scanned in steps of 0.02° (2θ) in the range from 0 to 70°with a count time of 4 s per step. The magnetic properties of the synthesized nanopowder were analyzed by VSM type OXFORD VSM 1.2 H. The morphology of samples was viewed by scanning electron microscopy (SEM) using a JSM-6360 instrument and elemental analysis using Atomic absorption spectroscopy (AAS).
Stability test of magnetite in Mg/Al-NO 3 hydrotalcitemagnetite
Ten milligrams of Mg/Al-NO 3 hydrotalcite-magnetite (MHT or UMHT) was added to a series of 10 mL of decarbonated distilled water and the acidity was adjusted to pH 2.5, 3, 4, 5, 6, 7, and 8 using NaOH or HCl solution. After the mixture was shaken for 90 min, the supernatant was separated from the solid using external magnet and then the supernatant was analyzed its concentration of Fe using AAS.
Adsorption studies
Study (Fig. 1A) . In addition, there are weak absorption bands at wavenumber 1627 and 3402 or 3448 cm -1 which are the stretching vibration of OH groups on the surface of the magnetite indicating that the complete crystallization process [15] [16] . The hydrolyzation on the surface of a Fe 3 O 4 cause the presence of -OH groups shows the formation Fe(OH) 2 , Fe(OH) 3 and FeOOH [17] .
For the spectra of the UMHT and MHT before adsorption, they show a strong absorption band at wavenumber 1381 cm -1 which is the NO 3 stretching vibration indicating that the nitrate anion presents on the interlayer of both UMHT and MHT [18] . Additionally, a weak absorption at wavenumbers 1635 cm 89.0691). The XRD patterns of both the mechanically and ultrasonically prepared MHT are characteristic of hydrotalcite. The peak of MHT which corresponds to the reflection (009) is divided into two sub-peaks which the first one at a smaller diffraction angle shows the peak for Mg/Al-NO 3 hydrotalcite, whereas the second one at a slightly greater diffraction angle comes from the Fe 3 O 4 particle core, on the surface of which the Mg/Al-NO 3 hydrotalcite is deposited [21] . Compared with the mechanically prepared sample with aging time 12 h, the ultrasonic assistance with an aging time of only 2 h produced intensity and sharpness of peak almost the same, indicating that the application of ultrasound clean bath in the preparation process promotes the formation of the hydrotalcite-like phase. After adsorption, 2Ɵ of the characteristic peak of Mg/Al-NO 3 Magnetic properties were measured at room temperature using a VSM (Fig. 2) . The results of measurements of the specific saturation magnetization (M s ) of the two samples of Mg/Al-NO 3 hydrotalcite, MHT and UMHT, yielded the value M s of MHT (13.48 emu/g) that was higher than that of UMHT (6.18 emu/g). The M s values decrease with decreasing particle size due to the reduction in crystallinity of the magnetic domain [15] . These results indicate that particle size of UMHT smaller than MHT. The SEM micrographs of magnetite ( Fig. 3A and 3B ) illustrate that the morphology of magnetite is spherical agglomerated with homogeneous size distribution. The magnetite which was synthesized sonochemically (UM = 14.6 nm) showed smaller particle size than mechanically synthesized magnetite (MM = 15.6 nm). It is proved that the sonochemical technique can reduce the size of the magnetite particles. For MHT and UMHT ( Fig. 3C and 3D) , it can be seen that in MHT, the MM particle is covering the surface of HT while in UMHT they may be agglomerated in HT due to relatively smooth surface of UMHT.
Effect of pH on [AuCl 4 ] -Adsorption
Before being applied as adsorbents, the stability of magnetite on both MHT and UMHT was first determined. Stability of magnetite as measured as the resistance of Fe dissolved from Mg/Al-NO 3 hydrotalcite relatively high from pH 3 to 8, but at pH 2.5 magnetite was not stable (Fig. 4) . In this study, the influence of solution pH on the adsorption of [ adsorption is increased greatly as the contact time is increased from 0 to 60 min, and then tends to be constant when the contact time is longer than 60 min indicating an equilibrium state. Hence, the equilibrium time of 60 min was applied for study of adsorption isotherms of both MHT and UMHT. Fig. 6 demonstrates that the adsorption capacity of [AuCl 4 ] -on MHT is larger than UMHT.
Adsorption Kinetics
Lagergren's pseudo first-order, Ho's pseudo second-order and second-order and Santosa's first order models were used to analyze the sorption kinetics. The Lagergren's equation for pseudo first-order kinetics can be written as follows [23] :
where q e is the amount of adsorbate adsorbed (mol/g) at equilibrium and q t is the amount of adsorbate adsorbed (mol g ). Pseudo first-order kinetic plotted at 25°C is given in Fig. 7a . The Lagergren's first-order rate constant (k 1 ) and theoretical equilibrium adsorption capacity (q e ) were calculated from the intercept and slope of the plot ln (q e -q t ) versus t.
Pseudo second-order model is represented as [24] 
where q e and q t have the same meaning as mentioned previously and k 2 is the rate constant for the pseudo second-order kinetics. The plots of t/q t versus t are shown in Fig. 7b and the k 2 and q e calculated from the 
where C t is the equilibrium concentration (mol L ). The first order model is represented as [25] :
where C a0 is the initial concentrations of adsorbate (mol L Table 1 . The kinetic studies revealed that the pseudo-second order equation provided the best fit for the experimental data for all studied concentration values, confirming that the velocity control mechanism of adsorption is chemical adsorption [14] .
Adsorption Isotherm
In the present investigation, the obtained results were analyzed following the isotherm models of Langmuir and Freundlich [26] . The Langmuir isotherm model is described by Eq. (5) and Freundlich isotherm model is described by Eq. (6) 
where q e is the equilibrium adsorptive quantity of the adsorbate per gram of adsorbent (mg g , n is the intensity of adsorption, K L and K f are Langmuir and Freundlich constants, respectively. The Langmuir model supposes that the adsorption surface possesses identical energetic sites and that each adsorbed molecule occupies a single site and the electrostatic connection consequently provides the formation of mono layered coverage of the adsorbate on the surface of the adsorbent. The Freundlich isotherm describes equilibrium on heterogeneous surfaces and for this reason, does not assume a capacity for adsorption in the monolayer [26] . From the value of K L , the Gibbs's free energy will then calculated according to Eq. 7 [27] :
where, ΔG° is the Gibbs's free energy change, R is the universal gas constant, and T is the absolute temperature (K). Table 2 . From the q m values given in Table 2 NaOH for both MHT (25.32%) and UMHT(17.21%) (Fig. 9a) (Fig. 9b) . 
CONCLUSION
